Permian strata of the Junggar-Turpan-Hami Basins represent one of the thickest and most laterally extensive lacustrine deposits in the world, yet they are very poorly known outside of China. Deposition spanned approximately 30 m.y., from the Sakmarian through Changhsingian epochs. Continuous intervals of organic-rich lacustrine mudstone may exceed 1000 m, and the total thickness of lacustrine and associated nonmarine strata locally exceeds 4000 m. Early Permian basin subsidence coincided with regional normal faulting and associated volcanism, interpreted to result from extension or transtension of newly amalgamated accretionary crust. In contrast, relatively uniform regional subsidence occurred during the Late Permian, most likely due to flexure caused by renewed regional compression. The maximum expansion of Permian lakes during the Wordian to Capitanian postdates any evidence for significant normal faulting or volcanism. Organic-rich mudstone facies cover an area at least 900 × 300 km, indicating that at their maximum, the Permian lakes were comparable in size to the Caspian Sea. An organic-rich profundal mudstone section in the south Junggar Basin has been ranked as the thickest and richest petroleum source rock interval in the world, with total organic carbon content averaging 4% and commonly exceeding 20%. Total Late Permian carbon burial is estimated at 10 19 gC. Maximum organic carbon burial rates are estimated at 4 × 10 12 gC/yr, equivalent to approximately 4-8% of estimated global carbon burial rates during this time. Permian lakes in northwestern China were broadly synchronous with other large lakes (or inland seas) in South America and Africa that also formed due to the amalgamation of Pangea. Collectively, these basins represent a large and heretofore unrecognized organic carbon sink that may have influenced atmospheric CO 2 concentrations.
INTRODUCTION
Organic carbon burial in modern lakes may rival the magnitude of burial in many nearshore marine settings (Dean and Gorham, 1998; Einsele et al., 2001) , suggesting that these deposits should be considered an important carbon sink. Dean and Gorham (1998) concluded that Holocene carbon burial in small lakes accounts for the majority of this carbon burial, based on estimates derived from post-glacial lakes in Minnesota. A smaller, but still significant rate of carbon burial was estimated to occur in large lakes (>5000 km 2 ). Carbon burial by lakes and inland seas was estimated to represent about one-third of the total global burial rate.
Collectively, nonmarine depositional environments, including reservoirs, account for approximately 75% of present day organic carbon burial. Einsele et al. (2001) pointed to rapid accumulation rates and high preservation factors in lakes as causal factors and noted that burial of organic carbon increases with increased drainage basin area and change to wetter and warmer climate.
Ancient lacustrine stata deposited in tectonically subsided basins have long been recognized to include thick intervals of highly organic-rich mudstone, which is often economically exploited as oil shale. Three of the world's five thickest and richest petroleum source rock intervals were deposited in lake basins (Demaison and Huizinga, 1991) . Many of these deposits also cover very large areas. For example, the Neocomian-Barremian organic-rich lacustrine mudstone strata associated with the opening of the south Atlantic extend at least 3000 km along the African and South American continental margins across numerous basins (cf., Ojeda, 1982; Mello and Maxwell, 1990; Katz and Mello, 2000) . In contrast to the deposits of relatively ephemeral Holocene post-glacial lakes, carbon buried by large tectonic lake basins is typically removed from the atmospheric reservoir for millions to hundreds of millions of years. However, carbon buried in tectonic lake basins has generally been ignored in global mass balance calculations. These deposits represent potentially important carbon sinks that may have helped to ameliorate past episodes of global warming.
The Permian Junggar-Turpan-Hami Basins in northwest China collectively represent one of the largest known Phanerozoic lake basins (Wartes et al., 2000 (Wartes et al., , 2002 and include the world's thickest and richest petroleum source rock interval (Demaison and Huizinga, 1991) . Organic-rich lacustrine mudstone is distributed over an area roughly equivalent to that of the modern Caspian Sea. These strata also span an important tectonic transition, from late Paleozoic continental amalgamation to recurrent intraplate collisional deformation (Allen and Windley, 1993; Allen et al., 1991 Allen et al., , 1995 Carroll et al., 1990 Carroll et al., , 1992 Carroll et al., , 1995 Hendrix et al. 1992; Graham et al., 1993) . This paper summarizes what is known about the origin of the Junggar-Turpan-Hami deposits and provides the first estimates of the magnitude and rate of carbon burial they represent.
Tectonic Setting of Northwest China
The Junggar, Turpan, and Hami Basins (Figs. 1 and 2 ) overlie oceanic materials that have been interpreted as part of the Paleozoic Altaid accretionary complex (Ş engör et al., 1993) . Exposed basement lithologies consist chiefly of highly deformed Ordovician through Carboniferous volcanogenic turbidites, with local occurrences of mafic and ultramafic igneous rocks and chert (e.g., Coleman, 1989; Feng et al., 1989; Carroll et al., 1990 Carroll et al., , 1995 . Precambrian rocks are limited to the central Tian Shan and areas to the south. Isotopic ( 87 Sr/ 86 Sr and εNd) evidence from late Paleozoic granitic plutons that pierce basement lithologies confirms their oceanic affinity and reflect an increased influence of Precambrian continental crust to the south (Hopson et al., 1989 (Hopson et al., , 1998 Wen, 1991) . The nature of the substrate hidden beneath the Junggar Basin sedimentary strata is unknown, but it is inferred to be similar to the basement lithologies that crop out on all sides of the basin. Total crustal thicknesses in this region have been estimated at approximately 40 km (Lee, 1985) , which locally includes 15 km or more of relatively undeformed Carboniferous through Cenozoic sedimentary rocks (Hendrix et al., 1992; Graham et al., 1993; Carroll et al., 1995) . Uplift of the Bogdashan Range (Fig. 2 ) first occurrred in Late Triassic to Early Jurassic (Hendrix et al., 1992; Greene et al., 2001) . Prior to that time, the Junggar, Turpan, and Hami Basins were united, although a partial drainage divide may have existed between Junggar and TurpanHami Basins (Wartes et al., 2002) .
The unified Junggar-Turpan-Hami Basin occupies the site of a relict Early to Middle Carboniferous sea that filled with marine deep water through shelf facies following the extinction of arc magmatism in the Late Carboniferous (Carroll et al., , 1995 . The tectonic setting of this area prior to the Permian is ambiguous and may be interpreted as either a remnant ocean basin or backarc basin Windley et al., 1990; Allen et al., 1991) that became tectonically isolated from the sea. A relatively continuous shoaling-upward succession in excess of 2-km-thick records the Late Carboniferous through Early Permian retreat of marine waters from the southern Junggar Basin (Carroll et al., 1995) . Overlying Permian nonmarine strata total over 4 km in thickness. A similar marine to nonmarine transition is recorded in southern Bogdashan exposures of the Turpan-Hami Basin, although these strata are generally thinner and change more abruptly.
Stratigraphy and Depositional Environments
Absolute chronostatigraphic control for nonmarine Permian facies in the Junggar-Turpan-Hami Basins is poor due to faunal and floral endemism. However, relative age assignments at approximately the stage level are possible through comparison of faunal, floral, and palynolomorph assemblages reported from different units (Wartes et al., 2000; Wartes et al., 2002) . Radioisotopic dating of volcanic units is limited to the Early Permian, but the results are consistent with the established biostratigraphic framework (Wartes et al., 2000) . These data permit regional correlations between Permian nonmarine stratigraphic units exposed in the southern Bogdashan, and between surface and subsurface lithologies within and adjacent to the Junggar Basin.
Lacustrine facies assemblages range from fluvial-lacustrine to evaporative, based on physical features and biomarker geochemistry, and have been previously described by Carroll et al. (1992) , Carroll (1998) , Wartes et al. (2000) , Bohacs et al. (2000) , and Carroll and Bohacs (2001) mian lacustrine facies are restricted to the southern Bogdashan, and are represented by portions of the Zaobishan and Yierxitu Formations (Fig. 3) . These fluvial-lacustrine to fluctuating profundal facies (cf., Carroll and Bohacs, 1999) are interbedded with mafic to intermediate volcanic rocks, and deposition was localized by Early Permian normal faulting. They typically lie unconformably on underlying Carboniferous marine facies. In contrast, Lower Permian facies of the Junggar Basin are dominantly marine and generally conformable with underlying strata (Fig. 4) . The thickness of Lower Permian strata in the subsurface was determined using a combination of well logs and reflection seismic data, and facies similar to those in outcrop were verified by core examination (Greene et al., 2001 ).
Upper Permian facies in both basins are exclusively nonmarine and dominantly siliciclastic and record a wide range of lacustrine depositional environments. Average carbonate contents in the southern Junggar Basin range between 20% and 30%, with dolomite common in the most organic-rich facies (unpublished X-ray diffraction and X-ray fluorescence spectrometry data). Upper Permian strata overlie a major regional unconformity in southern Bogdashan exposures, but they appear to be conformable with Lower Permian nonmarine strata in the northwestern Bogdashan (Figs. 3 and 4) . The Tarlong Formation in the southern Bogdashan and northern Tian Shan consists dominantly of fluctuating profundal facies, with mudstone, sandstone, and minor limestone cyclically interbedded on the scale of meters to 94 tens of meters (Figs. 5A and 5B). Laminated mudstone and wellpreserved fish fossils attest to deposition under deep, low oxygen conditions (cf., Olsen 1986), mostly likely in a stratified lake, whereas mudcracks indicate periodic dessication. The Tarlong correlates with the Lucaogou and Hongyanchi Formations of the Junggar Basin (Fig. 4) . These units record a gradual progression from evaporative ( Fig. 6A ) to fluvial-lacustrine facies ( Fig. 6C ) in exposures on the northwestern flank of the Bogdashan, based on physical evidence for desiccation and synaeresis (mudcracks) and biological marker compounds in mudrock extracts (Carroll, 1998) . Fluctuating profundal facies of the Lucaogou Formation reach a thickness of approximately 1300 m (Figs. 6B and 7). The lower Lucaogou Formation is commonly dolomitic and contains possible synaeresis cracks ( Fig. 5D ), which suggests fluctuating salinity. The upper Lucaogou Formation includes at least 500 continuous meters of laminated mudstone with no evidence of subaerial exposure. Laminae thicknesses vary cyclically from 0.1 to 2.0 mm over a vertical scale of several meters. Variations in laminae thickness and organic matter content were interpreted by Carroll (1998) to result from changes in the rate of clastic sediment supply in a deep, sediment-starved lake basin. Finally, the Cangfanggou Group records a gradation to fluvial-lacustrine facies in both basins (Figs. 3 and 4) . Fluvial sandstone and lacustrine mudstone are interbedded on the scale of meters with no apparent cyclicity, and plant fossils, freshwater molluscs, and evidence for paleosols are common.
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Permian Basin Evolution
After retreat of marine waters, Early Permian extension led to the creation of localized nonmarine depocenters that were controlled, in part, by normal faults. Normal faults have also been postulated to exist beneath the Junggar Basin (Bally et al., 1986; Liu, 1986; Peng and Zhang, 1989) , but the precise timing of these structures is unconstrained. Allen et al. (1995) and Şengör and Natal'in (1996) hypothesized that these structures and the origin of the Alakol, Junggar, and Turpan Basins were all related to Late Permian-Early Triassic sinistral shear. However, field relationships near Taoshuyuan in the southern Bogdashan show that a major north-south trending normal fault there is actually Early Permian (Wartes et al., 2002; Figs. 2 and 3) . This fault and associated volcanic rocks are roughly coeveal with Early Permian basaltic magmatism in the northwest Tarim Basin and to the east in the Beishan, suggesting a widespread episode of extension following the late Paleozoic amalgamation of this region. Carroll et al. (1995) and Wartes et al. (2002) interpreted this extension to have been dominantly east-west oriented, occurring during ongoing north-south compression (present orientation). However, regional shear remains a viable alternative hypothesis.
Early Permian paleogeography was characterized by a complex series of fault-related sub-basins containing mostly nonmarine fill in the Turpan-Hami area and a relict marine basin in the Junggar area (Fig. 8) . The nature of the drainage divide between these areas is unclear, but it may be topography inherited from the late stages of a Carboniferous magmatic arc co-located with the Bogdashan (c.f., Coleman, 1989; Carroll et al., 1990; Windley et al., 1990; Allen et al., 1991) . In contrast, late Permian subsidence was more uniformly distributed, resulting in widespread deposition of relatively continuous lacustrine facies and alluvial facies (Fig. 9 ). Geohistory analysis of outcrop sections from the northwestern Bogdashan indicates that subsidence rates increased markedly during the Late Permian, most likely due to lithospheric flexure in response to uplift of an ancestral Tian Shan Range (Watson et al., 1987; Graham et al., 1990; Carroll et al., 1990 Carroll et al., , 1995 Allen and Windley, 1993) . Greene et al. (2001) and Wartes et al. (2002) proposed that the Turpan-Hami Basin occupied a wedge-top position, which would account for the thinner Upper Permian deposits preserved there and the development of a basal Upper Permian unconformity. In contrast, the southern Junggar Basin is interpreted as a flexural foredeep, which received over 4 km of Upper Permian nonmarine basin fill. The maximum extent of lakes occurred during deposition of the Lucaogou, Tarlong, and equivalent formations.
Organic Matter Burial
High enrichments of organic carbon in the Lucaogou Formation were documented by Graham et al. (1990) , who reported values up to 34% total organic carbon and Type I kerogen. Vitrinite reflectance values for the same samples indicated that these rocks have reached the early stages of petroleum generation (Graham et al., 1993; Carroll et al., 1992; Carroll, 1998) , so the original total organic carbon values may have been slightly higher prior to onset of oil generation and migration. Oils on the northwestern, northern, and northeast flanks of the Junggar Basin have biomarker distributions indicating derivation from Upper Permian lacustrine facies (Clayton et al., 1997) , and at least two fields in the TurpanHami Basin also produce similar oils (Greene, 2000) . Outcropping mudstone facies in the southern Bogdashan are relatively weathered and appear to have been exposed to higher levels of thermal maturation, but preliminary data suggest that they also had high original total organic carbon contents (Greene, 2000) .
To determine the average total organic carbon of the Lucaogou Formation mudstone facies, which is also referred to as "oil shale, conducted sampling at fixed, regular intervals from an aqueduct excavation in the northwestern Bogdashan (Fig. 7) . They reported that total organic carbon values of 20% or more are common, and that total organic carbon values over a continuous 800-m interval average 4%. Our subsequent investigations have shown that similar but less well-exposed organic rich mudstone facies continue stratigraphically above the aqueduct excavation for at least another 500 m. The total thickness of the Lucaogou Formation averaging 4% total organic carbon at this locality is taken to be approximately 1300 m.
Subsurface mapping of the Junggar Basin indicates several depocenters where the Upper Permian mudstone reaches thicknesses of up to 2000 m (Fig. 10 ). The precise age of these deposits is uncertain, but their indicated thickness is broadly consistent with that of the measured outcrop exposures in the Bogdashan. Furthermore, biomarker distributions in oils produced from the northwestern and eastern flanks of the Junggar Basin correlate closely with bitumen extracts from the outcropping Lucaogou Formation Clayton et al., 1997; Carroll, 1998; Fig. 10) . Oils with similar biomarker characteristics are also produced from two fields in the Turpan-Hami Basin (Greene, 2000) , suggesting that correlative facies also occur south of the Bogdashan. Permian-sourced oils are generally absent in areas with thick accumulations of Mesozoic strata (the southern Junggar and much of the Turpan-Hami Basins), apparently due to overmaturation of Permian source facies during deep burial .
The absolute limit for the distribution of the Lucaogou Formation and its equivalents is uncertain, due to very incomplete mapping of areas surrounding the Junggar-Turpan-Hami Basins. However, similar facies have been reported from an area that greatly exceeds the boundary of these basins. For example, intervals of organic-rich, Upper Permian mudstone ~100 m thick have been reported in the Yili Basin to the west of Junggar and in the Santamu Basin to the east (Wang, 1992; Cheng Keming, personal commun., 1998) . The Yili Basin rocks are offset by Cenozoic dextral strike-slip faulting between central and northern Tian Shan (Tapponier and Molnar, 1979) , suggesting that they may have originally been deposited adjacent to the Turpan-Hami Basin. The possibility that Permian lake deposits continued across the border into Mongolia is tantalizing but entirely untested. Finally, organic-rich Permian mudstone facies have been reported in the Irtysh-Zayshan area of Kazahkstan, adjacent to the northwest corner of the Junggar Basin (J. Degenstein, personal commun., 1993). In total, these known occurrences are distributed over an area roughly 900 × 300 km.
We estimate an average thickness for Lucaogou Formation and equivalent strata of 400 m for the area outlined in Figure 2 . This assumption most likely leads to an underestimate of total mud rock volume due to the preferential exposure of these strata in areas with relatively less Permian subsidence and greater postPermian uplift. It is likely that the thickest intervals of mud rock remain buried beneath thick Mesozoic and Cenozoic cover strata. The ultimate limit of mud rock deposition is unknown due to incomplete preservation and the rudimentary state of geological mapping, but it is inferred to exceed the outlined area. Based on the above assumptions, we estimate total carbon burial within this interval of approximately 10 19 grams (Table 1) .
DISCUSSION
Based on the thickness and average richness of organic-rich rocks in the south Junggar Basin composite section (Fig. 7) , Demaison and Huizinga (1991) ranked the Junggar Basin as having the highest cumulative hydrocarbon potential of any petroleum-producing basin in the world (Table 2 ). This ranking is based on source potential index, a parameter that is based on average Rock Eval S 1 (thermally distilled hydrocarbons) plus S 2 (hydrocarbons derived from pyrolytic breakdown of kerogen; see Espitalié et al., 1977, and Peters, 1986 , for further explanation of Rock Eval techniques). Source potential index values thus understate the total magnitude of carbon burial, since they do not account for carbon contained in refractory compounds. Nonetheless, Demaison and Huizinga's (1991) summary provides a useful means of comparing the relative importance of various intervals of organic-rich rock. It is interesting to note that three of the top five such intervals reported represent lacustrine basins that preserve Type I kerogen. A different ranking might result if the areal extent could be integrated with the SPI values to obtain an estimate of total hydrocarbon potential in each of these basins. In particular, Lower Cretaceous lacustrine strata associated with various south Atlantic margin rift basins, for example, the Bucomazi and Marnes Noires Formations in offshore west Africa and equivalent units in various Brazillian basins, could potentially exceed the total carbon burial of the Permian Junggar-TurpanHami Basin due to the large area of the Lower Cretaceous basins.
The lacustrine Green River Formation (Eocene of Colorado, Utah, and Wyoming) has long been recognized as the world's largest oil shale deposit, representing an estimated resource of 1 × 10 12 bbls of oil in Colorado alone (Pitman et al., 1989 ) and 1.5 × 10 12 bbls total (J. R. Dyni, personal commun., 2002). These estimates are determined primarily from Fischer assay measurements and thus cannot be directly compared with the total organic carbon measurements from the Junggar-Turpan-Hami Basins. Carroll et al., 1992) and biomarker "fingerprints" of Permian-source oils. Inset diagrams show m/z 218 mass fragmentograms for alkane fractions of Junggar oils and for one rock extract from outcropping organic-rich mudstone ("Tianchi"). Each peak on fragmentograms corresponds to a different steroidal compound. Black peaks indicate specific groups of sterane isomers and highlight relative distribution of compounds with 27, 28, or 29 carbon atoms in each sample. Note that Permian-sourced oils from rock extract and from oils produced in western, central, and eastern Junggar Basin all have similar sterane distributions, characterized by low C 27 and subequal C 28 and C 29 homologues. In contrast, Jurassic-sourced oils from southern Junggar Basin have low C 27 and C 28 but high C 29 , typical of coaly source facies. Potential Upper Permian source facies in southern Junggar Basin are buried by up to 11 km of post-Permian strata and are thus overmature with respect to oil generation.
However, 1.5 × 10 12 barrels equates to approximately 1.6 × 10 17 g of oil, which is two orders of magnitude less than the estimated total carbon buried in the Junggar-Turpan-Hami Basins. This comparison fails to account for refractory organic carbon compounds in the Green River Formation, but the higher level of thermal maturity in the Junggar-Turpan-Hami deposits at least partially offsets the deficit. Source potential index values offer an alternative means of comparison. The Laney Member of the Green River Formation in Wyoming, which is the stratigraphic equivalent of the Parachute Creek Member in Colorado, has an SPI value that is about one third that of the Upper Permian in the Junggar-Turpan-Hami Basin (Table 2) . Total source potential index for the Green River Formation may locally equal or exceed that of the south Junggar Basin, but the Green River Formation Lakes at their maximum extent covered only about one-third of the area of the Junggar-Turpan-Hami Lakes.
Although it is clear that Permian lacustrine mudstone in western China basins contains a very large mass of organic carbon, calculation of accurate carbon burial rates is difficult due to poor age control. One typical approach to this problem is to assume that mudstone laminations are annual in nature and therefore represent varves. If this is the case and sedimentation rates were reasonably constant, then the Lucaogou Formation and its equivalents were deposited over a period of approximately 3 m.y., based on counts of its finest-scale laminations. This duration is broadly consistent with other constraints on the age of the Lucaogou interval and is reasonable when compared with mudstone accumulation rates measured in other nonmarine basins (Table 3) . However, we observed considerable variation in lamination thickness in outcrop, ranging between ~0.1 and 2.0 mm. Thicker laminae appear to be systematically associated with lower % total organic carbon, suggesting that considerable variation occurred in the flux of inorganic sediment (Carroll, 1998) . If so, then the actual duration of the Lucaogou interval may be less than 3 m.y.
Based on the above assumptions, the calculated organic carbon burial rate per unit area for the Junggar-Turpan-Hami Lake is comparable to the average rate for modern lakes and much lower than the maximum seen in modern eutrophic lakes (Dean and Gorham, 1998;  Table 3 ). If valid, this calculated rate suggests that the preservation of large amounts of organic matter corresponded to a period of relatively modest primary aquatic productivity. Carroll (1998) argued on the basis of textural and geochemical evidence that high %total organic carbon values in the Lucaogou Formation resulted, in part, from low rates of inorganic sedimentation in a deep, chemically stratified lake with oxygen-depleted bottom water. This conclusion is also consistent with Dean and Gorham (1998) and others' observation that large modern lakes and inland seas typically bury organic carbon at much lower rates than do small eutrophic lakes, due to relatively lower nutrient concentrations in the surface waters of the larger bodies.
Despite the relatively modest rate of organic carbon burial per unit area beneath the Junggar-Turpan-Hami Lake, its extreme size resulted in a very large magnitude of total organic carbon burial per year. This mass has not been included in previous physical assessments of organic carbon burial. For example, Berner and Canfield (1989) stated that "The organic carbon content of non-coal-containing continental clastics is essentially zero." They estimated that global organic carbon burial rates decreased from approximately 100 × 10 18 to 50 × 10 18 gC/yr during the Permian. Depending on the actual timing of the Junggar-Turpan-Hami Lake, its organic carbon burial therefore represented 4-8% of global organic carbon burial. This amount is clearly not zero, suggesting that large lakes may be more important geological reservoirs of organic carbon than previously thought.
The occurrence of other large, inland water bodies in the southern hemisphere at about the same time helps to reinforce the hypothesis that such features were globally significant sinks for organic carbon. An inland water body that was apparently several times the size of the Junggar-Turpan-Hami Lake covered parts of Brazil and southern Africa during the latest Early Permian or early Late Permian, and its deposits were preserved in the Paraná and Great Karoo Basins (Oelofsen, 1987; França et al., 1995; Ziegler et al., 1996; Fig. 11 ). The precise size of this water body is uncertain because these deposits are incompletely exposed, but it may have been large enough to ameliorate the otherwise harsh climatic conditions that would have prevailed in the interior of Gondwana (Yemane, 1993; Kutzbach and Ziegler, 1993) . The Irati and Whitehill Formations (South America and southern Africa) contain organic-rich mudstone facies similar to the Lucaogou Formation, commonly with greater than 10% total organic content (e.g., Correa da Silva and Cornford, 1985; Oelofsen, 1987) . These somewhat controversial deposits have been variously interpreted to record either a fresh to brackish-water lake (e.g., Correa da Silva and Cornford, 1985; Faure and Cole, 1999) or else an inland sea (e.g., Teichert, 1974; Mello et al., 1993; Visser, 1994; Goldberg, 2001 ). The precise age relationship of these units to the Lucaogou Formation is unknown. In contrast to the Lucaogou Formation, the oil shale facies of the Irati and Whitehill Formations are relatively thin (meters to tens of meters).
The occurrence of large lakes as discussed above is directly related to processes of continental convergence and orogenesis by the entrapment of thinned continental or oceanic crust within collisional zones and by the development of internal drainages behind rising mountain ranges. Late Cenozoic examples of this process may be found in the southern Caspian and Pannonian Basins; both are former marine realms that were trapped within the developing Alpine orogenic zone (Zonenshain and Le Pichon, 1986; Mattick et al., 1988; Geary et al., 1989) . The Black Sea and parts of the Mediterranean will likely suffer the same fate in the future. Significant organic matter burial is common in such basins, but the mechanisms of organic matter preservation appear to be complex. In some cases, the burial rates of organic carbon may reach a peak during transition between marine and lacustrine conditions. For example, Arthur and Dean (1998) noted that organic carbon-rich sapropel in the Black Sea was deposited during the initial incursion of marine waters through the Bosporus during the Early Holocene. These authors suggested that marine spillover into the previous freshwater lake resulted in vertical mixing of nutrients and that subsequent salinity stratification helped to maintain bottom-water anoxia. However, in the case of the Junggar-Turpan-Hami deposits, no evidence for marine incursions has been reported, either because such incursions did not occur or else because these vast deposits have been inadequately investigated. Regardless of the causes of organic matter preservation, lakes and 102
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Lakes and inland seas inland seas within convergent zones are capable of burying large total quantities of carbon due to frequent, high rates of tectonic subsidence. In contrast to the much smaller eutrophic lakes that are often geomorphic in origin, large tectonic lakes can permanently isolate organic carbon from the atmosphere over time periods lasting up to hundreds of millions of years.
